to identify the various factors responsible for the occurrence of hyperpnea during exercise and it has been thought for many years that movements of muscles and joints reflexly affect ventilatory volume and the rate 'of respiration (I ) . Although a few investigators have questioned the reflex origin of the hyperpnea produced by muscular movement (2, 3) , recent studies have shown clearly that impulses from somatic nerve afferents do produce respiratory changes (4) (5) (6) . Cross-circulation techniques have demonstrated that the return of blood from 'exercised' legs or actively contracting muscles is not essential to the initiation of hyperpnea (7) . There has been some difierence of opinion with respect to the locus of the sensory elements initiating these reflexes. It has been suggested that the small fibers from sensory endings in the joints may carry impulses responsible for or contributing to the respiratory changes (8) and small pain-conducting fibers from tissues of the leg also have been thought to be involved (I, g)* During the past 5 years it has been found that the fast-conducting large diameter group I afferents arising from muscle and tendon receptors unquestionably can produce hyperpnea
The original work to be reported in this paper was undertaken to determine the changes produced in activity of respiratory neurons of the medulla and pons following stimulation of muscle, skin and mixed nerves of the leg. The associated changes in the respiratory cycle, respiratory rate and ventilation were also measured for purposes of comparison.
METHODS
In this study cats anesthetized with Nembutal (30 mg/kg intraperitoneally) were used. The floor of the 4th ventricle was exposed by ablation of the posterior lobe of the cerebellum.
Gentle suction was used, care being taken to prevent bleeding.
In the seven experiments in which the pontine regions were explored the entire cerebellum was removed in a similar fashion. Afferent nerves from muscles (gastrocnemius, biceps femoris, semitendinosus, quadriceps) as well as from skin (superficial radial nerve) and mixed nerves (tibialis posterior and peroneal nerves) were cut peripherally ,and prepared for stimulation. Repetitive stimulations at a rate of 50-roo/sec. with rectangular pulses 0.5-1 msec. in duration and three to five times the strength required to produce maximum spinal reflex responses were used. The duration of stimulation varied from 0.3 to 50 seconds depending on the response and the purpose to be served. This often occurred when the depth of anesthesia was moderate. It was thought that pain fibers were probably responsible since painful stimuli are known to have an inhibitory action on respiration (9, I 3). It has been found that a sural nerve contains only a very small proportion of pain-conducting fibers (I 4) . This may explain our findings that stimulation of this nerve always gave an increase in ventilatory volume, never a decrease ( fig. I) tory responses ara evoKe reflex discharges out over the ventral roots. Table  z shows the ventilatory volume changes and the type of segmental reflex response simultaneously recorded from L7 to S1 ventral roots. It can be seen that a stimulation of the gastrocnemius nerve barely strong enough to produce a monosynaptic response did elicit an increase in ventilation.
This indicates that volleys confined to the large group 1 fibers from muscle stretch receptors and tendons (I were of a type thought to carry impulses from muscle receptors sensitive to touch, pressure and temperature (I 6) . Decerebration by transections made just rostra1 to the medulla did not modify the effects of nerve stimulation. Participation of higher centers, apparently, is not essential to the reflex respiratory changes induced by stimulation of mu&e afferents or the afferent fibers of mixed and skin nerves.
When activities of neurons in the medulla were recorded with microelectrodes it was found that stimulation of afferent nerves from muscle had a very definite effect upon the respiratory neurons. The records of figure 2 show the typical activity of a neuron firing in association with inspiration.
Brief repetitive stimulation of the ipsilateral gastrocnemius nerve caused the unit to start its activity earlier in the inspiratory phase of the cycle and to discharge at a higher frequency than before. It is in: teresting to note that although the peripheral stimuli wereapplied during expiration, effects on the .neuron were not manifest until the beginning of inspiration. The impulses must have reached the medulla much in adva.nce of the neuronal responses recorded, as we shall see later. Stimulation of muscle afferents caused an augmentation of activity only in those respiratory neurons which fired in association with inspiration. Not all such cells were affected by fibers from a single muscle. Furthermore, many of the neurons which were encountered by KOIZUMI, USHIYAMA AND BROOKS the probing microelectrodes showed a discharge pattern apparently unassociated with phases of the respiratory cycle. Their activities were often affected by stimulation of muscle nerves as might be expected since muscle nerves and neurons of the medulla participate in numerous functions other than the control of respiration.
The great majority of respiratory neurons located in our experiments were firing in association with inspiration. When cyclical respiratory movements were temporarily stopped by blocking the trachea these neurons continued to discharge but at a slower though regular rhythm.
The discharge thus was not totally dependent on lung volume changes (x 7).
It was also observed that some neurons of the medulla, which initially showed no rhythmical discharge associated with respiration, could be driven by an imposed artificial respiration. They tended to fire during the inspiratory (lung expansion) phase of the imposed cycle. The activity of these neurons was likewise augmented by stimulation of muscle nerves ( fig. 3 ). This effect of nerve stimulation occurred immediately and seemed to be unrelated to the phase of the respiratory cycle during which the evoked impulses reached the medulla. Just what role these cells play, if any, in the normal control of respiration is obscure. They might belong to a high threshold component of the control system and be designed to participate only in the control of respiration a.s maximum capacities are approached. The lung volume changes produced by the pump employed to drive these neurons were greater than those occurring during normal breathing.
A few neurons were found in the medulla which fired in association with the expiratory phase of respiration. They seemed to be less affected by the muscle nerve stimulation than were fibers active during inspiration. In figure 4 records are shown which were obtained from one typical experiment.
It can be seen that expiratory cellular discharges show a slight degree of inhibition but only during stimulation of the muscle afferent fibers. The record also shows small amplitude spikes from a unit close to the electrode which was firing in association with inspiration.
The muscle nerve stimuli which inhibited the cells giving large amplitude expiratory discharges seemingly had no effect on this inspiratory neuron. (I 8) . These were located with difficulty and apparently were few in number. Whether or not the vagi were intact seemed to be immaterial.
It cannot be said in what way or to what degree these units were participating in the control of respiration since they merely showed an activity which increased either during inspiration or expiration. Most cells found never showed intervals of silence which could be considered evidence of periodic inhibition. Rhythms linked with respiration were never as clear as in lower medullary neurons. However, a few cells were found in the pontine region which fired only during every second inspiration and others which showed activity during every third inspiration ( fig. 5 ; cf. (I 9) ). Stimulation of muscle afferents did not easily modify the discharge patterns of these pontine respiratory neurons. There were, however, a few such cells in which activities were inhibited or augmented by excitation of the muscle nerves.
Many cells of the pons and the medulla were affected by muscle nerve stimulation and some neurons were even fired directly, with a latency of 6-7 msec., by single-shock stimulation of muscle nerves. 
Excitatory
and inhibitory impulses from the respiratory center certainly control the activities of the chest wall musculature.
It is not surprising that afferents from skin and muscle receptors included in the thoracic dorsal roots should elicit a segmental reflex discharge out of the intercostal nerves. Speculation concerning the functional value of the inhibition of such local reflexes by afferent volleys which augment respiratory function is rather difficult.
Such local reflexes might interfere with respiration in that they might maintain contraction of the chest musculature.
Since local reflexes might interfere, their inhibition in the course of reflex augmentation of respiration seems quite reasonable. More work upon this problem is required.
Our purpose is merely to point out the existence of reflex circuits and interactions at a spinal level in the course of reflex control of respiration by peripheral receptors. If we assume that the medullary neurons showing discharges associated with respiration are really functioning as part of the control mechanism we can say that the incoming volleys from muscle receptors augment inspiration. Afferent muscle nerve stimulations which cause these 'inspiratory neurons' to fire and which inhibit the 'expiratory neurons' also increase ventilation, primarily by changing volume rather than rate. This earlier and greater inspiratory movement which presumably would result from muscle activity, since afferents from muscle receptors have such an effect, would cause a greater expansion of the chest and lungs and thus induce the Hering-Breuer reflex cut-off of inspiration earlier and promote a quicker onset of expiration. In this way the muscle afferents by producing a volume change would ultimately cause a secondary rate change which would enhance the ventilatory volume exchange. It is thus felt that the mechanism just described contributes to the immediate augmentation of respiration during exercise or whenever muscle tension increases.
